ABSTRACT Laboratory of genetics and physiology 2 (LGP2) is a homologue of the retinoic acid inducible gene-I and melanoma differentiation associated gene 5 that lacks the caspase activation and recruitment domain required for signaling. It plays a pivotal role in host immune response. In this study, we cloned and characterized the full-length open reading frame (ORF) sequence of LGP2 in the Qingyuan goose (Anser cygnoides) and evaluated the mRNA expression of this gene post infection with an H5N1
INTRODUCTION
The innate immune system is the first line of defense against viral infections and mounts an antiviral response within hours of their detection. It does not respond specifically to a particular pathogen like the adaptive arm. Rather, it reacts "generically," via pathogen recognition receptors (PRRs) that detect pathogen-associated molecular patterns (PAMPs) shared by most or all of a given class of infectious agents (Kolakofsky et al., 2012) . Several innate immunity PRRs can recognize RNA ligands (Eisenacher et al., 2007) . Within membranes, the Toll-like receptors (TLRs) 3, 7, and 8 can respond to single-and double-stranded RNAs (Underhill, 2004) . Within the cytoplasm, retinoic acid-inducible gene 1 (RIG-I) and melanoma differentiation-associated antigen 5 (MDA5) C 2016 Poultry Science Association Inc. Received January 2, 2016. Accepted March 23, 2016. 1 These authors contributed equally to the work. 2 Corresponding author: prjiao@scau.edu.cn detect viral RNA from replicating viruses in infected cells (Takeuchi and Akira, 2008; Yoneyama et al., 2004; Yoneyama and Fujita, 2007) . Stimulation of these receptors leads to the induction of type I interferons (IFNs) and other pro-inflammatory cytokines that confers antiviral activity to the host cells and activates the acquired immune responses (Akira et al., 2001; Pichlmair and Reis e Souza, 2007) .
RIG-I and MDA5 contain 2 caspase recruiting domains (CARDs) at their N termini, a DEX(D/H) box RNA helicase domain, and a C-terminal regulatory or repressor domain (CTD). The helicase domain and the CTD are responsible for viral RNA binding whereas the CARDs are required for signaling (Akira et al., 2001; Underhill., 2004) . The Laboratory of Genetics and Physiology 2 (LGP2) is another member of the RLRs family. Unlike RIG-I and MDA5, the LGP2 lacks the CARD domains and thus has no signaling capability (Rothenfusser et al., 2005; Yoneyama et al., 2005) . The expression of LGP2 is inducible by dsRNA or IFN treatment as well as viral infection (Rothenfusser et al., 2005) . Overexpression studies indicate that Gene cloning  igLGP2R  TAGCGCACCACAATGTTGCA  P1  CGGTTTGGCTCGGCTCCCTTCATC  Gene cloning  P2  TGGCACAGGTCGTACTGCTTC  P3  TGGACATCCCCAAGTGCAACATTG  Gene cloning  P4  GTAGGAAGGGTCCCTGTGGTCT  qgLGP2F  AGTACGACCTGTGCCAGGAG  qRT-PCR  qgLGP2R  CTCTTCTCCAGCTCCACGAC  qgβ-actinF  TCCCTGGAGAAGAGCTACGA  qRT-PCR  qgβ- LGP2 does not appear to activate the production of type I IFNs but rather may function as a negative feedback inhibitor of MDA5 and RIG-I to control dsRNA signaling events (Cui et al., 2001; Rothenfusser et al., 2005; Yoneyama et al., 2005) . However, positive regulatory roles of LGP2 in RIG-I/MDA5-activated antiviral signaling have also been reported in LGP2-deficient mice. They lost the ability to synthesize type I IFNs and were unable to mount efficient antiviral responses against infection with the encephalomyocarditis virus (Venkataraman et al., 2007) .
In geese, orthologs of human TLRs that recognize viruses have been reported (Wei et al., 2013a) . Concerning RLRs, recent studies by our group and others have demonstrated that geese also possess RLR molecules such as RIG-I and MDA5 (Sun et al., 2013; Wei et al., 2013b) . However, it is not known whether geese also have a homologue of human LGP2 for viral recognition.
Here, the open reading frame (ORF) sequence of geese LGP2 was cloned and characterized. The gene expression of goose LGP2 was investigated in various tissues in uninfected geese, and the expression of goose LGP2 was further examined at different times post infection with the H5N1 highly pathogenic avian influenza virus (HPAIV).
MATERIALS AND METHODS

Cloning of Goose LGP2 ORF Sequence
To clone the LGP2 ORF sequence from Qingyuan goose (Anser cygnoides), degenerate primers were designed based on the multiple alignment of LGP2 in Homo sapiens (accession No., NM 024119), Mus musculus (accession No., NM 030150), Gallus gallus (accession No., HQ845773), and Cairina moschata (accession No., KC422351). The PCR was established with the degenerate primers igLGP2F and igLGP2R (Table 1) , using the template cDNA produced from goose spleen. The PCR program was: 1 cycle of 95
• C/5 min; 35 cycles of 94
• C/30 s, 57
• C/30 s, 72
• C/1 min; 1 cycle of 72
• C/7 min. The PCR product was ligated into pMD19-T easy vector, transformed into the Escherichia coli JM109 competent cells, plated on the LB plates containing ampicillin (100 μg/mg) and incubated at 37
• C for eight hours. Positive colonies containing the expected size insert were screened by colony PCR. The positive plasmids were then extracted from overnight bacterial culture using QIAGEN Plasmid Mini Kit (Qiagen, Hilden, Germany). The extracted positive plasmids were sequenced by Shanghai Invitrogen Biotechnology Co., Ltd., Shanghai, China.
The rest ORF sequence of goose LGP2 was amplified from splenic cDNA by primers P1, P2, P3 and P4 (Table 1) . Primers P1 and P4 were designed from a conserved region outside of the duck LGP2 gene ORF sequence, and primers P2 and P3 were designed based on the previously cloned partial goose LGP2 sequence. To obtain the upstream of goose LGP2, primer pairs P1 and P2 were used for PCR. Similarly, primer pairs P3 and P4 were used for downstream amplification of goose LGP2. The PCR product was obtained and sequenced as described above.
Bioinformatic Analysis
Sequence similarity analysis was done by BLAST using the nucleotide database from NCBI (http://www. ncbi.nlm.nih.gov/blast) (Altschul et al., 1990) . The amino acid sequence was analyzed with the Expert Protein Analysis System (http://www.expasy. org). Amino acid sequences were aligned using ClustalW (www.ebi.ac.uk/clustalw) and edited with BOXSHADE (http://bioweb.pasteur.fr/seqanal/ interfaces/boxs-hade.html).
The protein domain features were predicted by the Simple Modular Architecture Research Tool (SMART) (http://smart.embl-heidelberg.de/) and Pfam database search (http://pfam.sanger.ac.uk/search) (Hulo et al., 2008; Punta et al., 2012) . inhibition (HI) test , Sun et al., 2011 . The virus was purified and propagated as described above , Sun et al., 2011 . Allantoic fluid was harvested from specific pathogen free (SPF) embryonated chickens' eggs was clarified by centrifugation and frozen in aliquots at -70
Virus
• C. All experiments were performed in ABSL-3 facilities.
Animal Maintenance, Virus Infection and Sample Collection
One-day-old healthy Qingyuan geese were purchased from a goose farm in Guangzhou and housed in isolators. Geese were confirmed to be serologically negative for avian influenza as described above . At 4 wk of age, 3 uninfected geese were sacrificed and their tissues were collected for tissue distribution analyses including the brain, crop, trachea, heart, liver, spleen, lung, kidney, muscular stomach, glandular stomach, muscle, skin, duodenum, jejunum, ileum, colon, cecum, rectum, and bursa.
To confirm whether goose LGP2 was involved in the host immune response after HPAIV H5N1 infection, 28 geese (aged 4 wk) were divided into 2 groups. In the experiment group, 14 geese were intranasally inoculated with DK212 (10 6 EID 50 in 0.2 mL). In the control group, 14 birds were inoculated with 0.2 mL phosphate buffered saline (PBS). At 1, 2 and 3 d post-inoculation (DPI), 3 individuals from each group were sacrificed and the brain, spleen, and lung tissues were harvested immediately for RNA extraction. The remaining 5 geese were monitored daily for clinical symptoms to 14 DPI. All experiments were carried out in ABSL-3 facilities.
Gene Expression of Goose LGP2 in HPAIV-Infected and Uninfected Geese
The RNA was extracted from each tissue with the RNeasy Plus Mini Kit (Qiagen) following the manufacturer's instructions. The extracted RNA was eluted using 30 μL RNase-free water and stored in a -80
• C freezer. The eluted RNA (1 μg) was reverse transcribed with the SuperScript III First Strand synthesis system (Life Technologies, Carlsbad, CA) according to the instructions. Primers used for quantitative real-time polymerase chain reaction (qRT-PCR) were designed with primer3 software (http://www.broad.mit.edu/cgi-bin/primer/primer3 www.cgi). Primer pairs (Table 1) were selected based on specificity determined by dissociation curves. The qRT-PCR was performed using the QuantiFast SYBR Green PCR kit (Qiagen) and the 7500 Fast Real-Time PCR system (Applied Biosystems, Rotkreuz, Switzerland). The PCR procedures were as follows: 1 cycle of 95
• C for 5 min, followed by 40 cycles of 95 • C for 15 s and 60
• C for 34 s. Dissociation curves of the products were generated by incrementally increasing the temperature of the samples from 55
• C to 100
• C as the final step of the PCR. To validate the assay, purified products were cloned into pMD19-T and sequenced to verify correct target amplification.
Calculations and Statistics
The relative expression ratios of target genes in the infected group versus the control group were calculated by the 2 −ΔΔCt method using the goose housekeeping gene β-actin (accession number; M26111) as the control (Livak and Schmittgen, 2001) . Standard deviations were calculated as described above . Statistical analyses were performed using GraphPad Prism 5 software (GraphPad Software, La Jolla, CA). P values less than 0.05 were considered to be statistically significant.
Nucleotide Sequence Deposition
The ORF sequence of the goose LGP2 was deposited in GenBank under accession number KC422352.
RESULTS AND DISCUSSION
Cloning of Goose LGP2
The 2,028-bp-long goose LGP2 ORF sequence was amplified using fusion PCR. An 803-bp fragment was obtained through degenerate primers igLGP2F and igLGP2F. This fragment shows a significant homology with the middle region of the duck and chicken LGP2 genes using the BLAST server of NCBI. Based on the sequence of the amplified 803-bp segments, primers P2 and P3 were subsequently designed and used with P1 and P4 to amplify the upstream and downstream sequences. Alignment of the sequences from all homologous clones yielded 784-bp and 748-bp consensus sequences. The 2 fragments showed high homology with the upstream and downstream of duck and chicken LGP2 genes, respectively. These fragments were aligned to yield a 2,028-bp, full-length ORF of goose LGP2.
Sequence Analysis of Goose LGP2
The goose LGP2 transcript contained a 2,028-bp coding region that encoded 675 amino acid residues. The deduced polypeptide had a predicted molecular mass of 77.39 kDa and an isoelectric point of 7.84. The sequence alignments determined the percentage homology of goose LGP2 with other known LGP2 genes. Goose LGP2 shared higher amino acid sequence identity with the duck and chicken LGP2 gene (93.0% and 82.9%, respectively) and had moderate homology with human and mouse LGP2 genes (53.6% and 52.7%, respectively).
The goose LGP2 protein has 5 main overlapping structure domains: 2 DEXDc (DEAD/DEAH box helicase domain), 1 ResIII (conserved restriction domain of bacterial type III restriction enzyme), 1 HELICc (helicase superfamily C-terminal domain) and 1 RD (regulatory domain) (Figure 1 ). The RD domain contains 2 Zn 2+ -binding regions and 1 RNA-binding loop-these were very similar to the RD domain in other vertebrate LGP2s (Murali et al., 2008; Pippig et al., 2009) . The fact that goose LGP2 has these conserved domains implies it may have similar fundamental functions as mammalian LGP2s.
Tissue Distribution of Goose LGP2 Expression
Using a sensitive qRT-PCR technique, we tested the LGP2 expression in normal goose tissues including the brain, crop, trachea, heart, liver, spleen, lung, kidney, muscular stomach, glandular stomach, muscle, skin, duodenum, jejunum, ileum, colon, cecum, rectum, and bursa. Goose LGP2 was constitutively expressed in all 19 investigated tissues, but the expression level was different (Table 2) . It was high expressed in the trachea, jejunum, bursa, kidney, and heart, and low in the glandular stomach, lung, liver, spleen, crop, and muscular stomach (Table 2 ).
Previous studies also tested the tissue distributions of LGP2 in other species and showed ubiquitous expression in the tested tissues (Huang et al., 2010; Ohtani et al., 2010) . The ubiquitous tissue distribution of the LGP2 gene indicates that it plays a key role in multiple tissues.
LGP2 Gene Expression Post Infection with H5N1 HPAIV
TLRs and RLRs are the main PRRs for recognizing virus. Post viral infection, the related TLRs (e.g., TLR3/7/8/9) and RLRs (e.g., RIG-I, MDA5 and LGP2) are activated, which leads to induction of type I IFNs and other pro-inflammatory cytokines (Akira et al., 2006; Ranjan et al., 2009) . In geese, some of TLRs and RLRs that could recognize virus were identified (Sun et al., 2013; Wei et al., 2013a; Wei et al., 2013b) . Goose TLR7, myeloid differentiation factor 88 and antiviral molecules are involved in the host anti-H5N1 HPAIV response (Wei et al., 2013a) . Sun et al. (2013) reported that goose RIG-I functions in innate immunity against Newcastle disease virus infections. Wei et al. (2013b) demonstrated that goose MDA5 was an important receptor that is involved in the antiviral innate immune defense to H5N1 HPAIV in geese. In this study, we successfully cloned the full-length sequence of goose LGP2 ( Figure 1) ; however, its role in the antiviral innate immune defense to H5N1 HPAIV is less clear.
The virus could recover from the brain, spleen, lungs, kidneys, pancreas, and bursa of geese post DK212 infection (Wei et al., 2013a) . To determine whether goose
LGP2 is associated with host immunity, we investigated the expression of this molecule during infection with H5N1 HPAIV. Three animals in each group were dissected at 1, 2, and 3 DPI, and qRT-PCR was employed to examine the levels of goose LGP2 mRNA in the brain, spleen and lung tissues. The expression of goose LGP2 in the brain was significantly up-regulated at 1 DPI (2.51-fold, P < 0.05). It reached a peak at 2 DPI (3.53-fold, P < 0.05) and dropped at 3 DPI (2.23-fold, P < 0.05) (Figure 2A ). The expression of goose LGP2 in spleen was significantly up-regulated at 1 DPI (3.03-fold, P < 0.05). It dropped and recovered to almost normal levels at 2 and 3 DPI (P > 0.05) ( Figure 2B ). The expression of goose LGP2 in lung was significantly up-regulated at 1 DPI (18.58-fold, P < 0.05). It reached a peak at 2 DPI (21.21-fold, P < 0.05) and decreased at 3 DPI (3.70-fold, P < 0.05) ( Figure 2C ). These results demonstrated that LGP2 was an important RLR in host surveillance against infection of H5N1 HPAIV.
In conclusion, for the first time, we cloned the fulllength ORF sequence of goose LGP2, which is a novel member of the RLRs family. The mRNA transcripts of goose LGP2 were detected in all examined tissues with high expression levels in the trachea, jejunum, bursa, kidney, and heart. Furthermore, the mRNA transcripts of goose LGP2 were up-regulated in the brain, spleen and lungs post infection with H5N1 HPAIV. These finding suggested that goose LGP2 is an important receptor that is involved in the early stages of the antiviral innate immune response.
